Functional fracture bracing, described in 1967, 1 was inspired by the patellar-tendonbearing prosthesis which had recently been developed for below-knee amputees. This prosthesis had eliminated the traditional thigh corset and allowed the transfer of weight-bearing stresses from the soft tissues of the thigh to the patellar tendon and condyles of the proximal tibia. Anticipating that by a similar mechanism, a below-knee weight-bearing cast, moulded like a patellar-tendon-bearing prosthesis, would prevent shortening in axially unstable tibial fractures, the first below-knee functional cast was constructed. 1 Contrary to traditional practice, this new cast allowed full movement of the knee but immobilised the ankle. However, shortly afterwards it was realised that inclusion of the ankle and foot was unnecessary. The ankle was therefore freed and within a short time pre-fabricated plastic braces became an accepted form of treatment. 2 Initial reports indicated a low rate of nonunion, no increase in shortening of the limb and angular deformities which were within acceptable levels. 1, 2 However, doubt was cast on the idea that the patellar tendon and tibial condyles were major weight-bearing areas.
Laboratory studies revealed that neither the patellar tendon nor the tibial condyles participated in the avoidance of shortening. It was then suspected that the soft tissues surrounding the fracture, firmly compressed by the supporting walls of the brace, prevented shortening and angulation by the principle of the incompressibility of fluids. [3] [4] [5] [6] [7] [8] Encouraged by initial successes, the philosophy and technique of functional bracing were extended to other fractures of long bones. The first was fracture of the femoral shaft. At that time, open intramedullary nailing of femoral fractures had been limited to diaphyseal injuries since closed interlocking nailing had not been introduced in the USA. The ischial weight-bearing prosthesis worn by the aboveknee amputee suggested that a similarly constructed brace, applied to a patient with a fracture of the femoral shaft, would allow the transfer of weight-bearing stresses to the ischial tuberosity and thereby prevent shortening of the bone. However, success was not consistent. Fractures in the proximal half of the femur tended to angulate into varus. The subsequent introduction of the interlocking nail for the treatment of metaphyseal femoral fractures relegated bracing to unusual situations when nailing could not be used. [9] [10] [11] Extension of fracture bracing to other bones met with varying degrees of success. Pre-fabricated braces were developed for the treatment of diaphyseal humeral fractures and proved to be highly successful. A high rate of union and few complications were documented. [12] [13] [14] The indications for bracing widened so that compound fractures with a moderate degree of soft-tissue damage were also braced successfully. However, the premature introduction of active elevation of the arm created excessive movement at the site of the fracture and an increase in the rate of nonunion. 10, 11 Success was also achieved in the treatment of isolated ulnar fractures using pre-fabricated braces which did not immobilise the adjacent joints. The rate of union was high and the final functional results very acceptable. 15, 16 Colles' fractures which are stable after manual reduction and are not associated with dislocation of the distal radioulnar joint, can be braced with appliances which stabilise the forearm in a relaxed attitude of supination. They should also allow flexion and extension of the elbow, flexion of the wrist, and prevent pronation and supination of the forearm. Failure to stabilise the forearm in supination can lead to a loss of reduction. The functional results obtained in this way were comparable with those achieved by more aggressive treatments. 7, [17] [18] [19] Bracing of fractures of both bones of the forearm encountered technical difficulties which limited its use. However, increased shortening of the limb did not appear to be a problem. Axially unstable fractures maintained their align-THE JOURNAL OF BONE AND JOINT SURGERY ment and length in the brace, which also allowed movements of the wrist and elbow. The lessons learned were considerable and shed light on the physiological behaviour of these fractures. [20] [21] [22] Functional bracing of ununited tibial diaphyseal fractures also gave acceptable results in many instances so that its role was established and limitations identified. 8, 23 The concept of fracture bracing was preceded by the popularisation of the rigid immobilisation of fractures and interfragmentary compression using plates, an idea which had first been advanced by Danis in the mid-twentieth century 24 and which was further refined by the AO technique. Basic research findings resulted in rapid acceptance of the method throughout the world. 25, 26 Despite the attraction of fixation by a compression plate, it became evident that some of the scientific concepts on which the technique was based were flawed. Rigid immobilisation of fractures with plates did not enhance healing but delayed it, as well as weakening the underlying cortical bone. [4] [5] [6] [7] 26, 27 This was explained as being a consequence of stress shielding. [28] [29] [30] [31] It was concluded that the thick and stiff plates were creating this undesirable phenomenon and changes were made. However, the concept that rigid immobilisation was essential to the success persisted. A lack of peripheral callus was regarded as a sign of good healing. More flexible plates were produced and extensively used, but failed to eliminate bone atrophy. 31 It was then suggested that atrophy was created by interference with vascularity under the plate. 32 This led to the manufacture of plates which had projections to reduce the amount of contact between the plate and bone.
Once it was realised that these modifications had not eliminated the adverse changes taking place under the metal implants, it was concluded that absolute rigidity was undesirable and that some movement at the site of the fracture was advantageous to osteogenesis. [32] [33] [34] The philosophy of functional bracing is based upon principles which are totally opposite to those of the AO technique. It maintains that rigid immobilisation of fractures of long bones is unphysiological and that movement at the site of a fracture during functional activities encourages osteogenesis. [3] [4] [5] [6] [7] 27 The success achieved by intramedullary nail- ing further supports the concept that movement at the site of the fracture is desirable.
As with the AO technique and other methods of internal fixation of fractures, functional bracing has evolved. One of the most important features identified during this development was the finding that in closed fractures of two-bone segments of the body, the initial shortening did not increase despite the introduction of early activity and weight-bearing. 3, [5] [6] [7] 11, 14, 35 The degree of movement which takes place at a fracture during physiologically-controlled weight-bearing is considerable with axial displacement of as much as 0.5 cm being recorded (Fig. 1) . 3, 33 The interosseous membrane and the surrounding soft tissues provide a tethering mechanism which prevents additional shortening of the fractured bone (Fig. 2) . The firm compression of the soft tissues which is provided by the adjustable brace stiffens the area and controls alignment (Fig. 3) . 6, 8, 11 Regaining the length of a fractured bone by traction, in the case of an axially unstable fracture, results in the return of the initial shortening when weight-bearing begins. This suggests that such fractures of the tibia with unacceptable shortening on the initial post-injury radiographs should not be braced (Fig. 4) . Once it was recognised that the shortening seen in closed diaphyseal fractures remained the same throughout the healing process it was realised that the main function of the brace was to prevent angular deformity. A review of 1000 closed diaphyseal tibial fractures treated by a functional below-knee brace showed a final varus angulation in 322 (32%) fractures. Of these, 90% healed with angulation of < 6˚ and 95% with angulation of < 8˚. The mean final varus angulation for this group was 4.8˚ ( SD 2.9˚). 36 As the initial swelling which accompanies all fractures subsides, so the desirable snugness of the braces decreases, making the limb subject to angular deformities. This risk can be reduced by repeated tightening of the adjustable straps (Fig. 5) .
Compliance is not always obtained, and therefore angular deformities may be seen. This remains the most important issue confronting functional bracing, particularly of tibial fractures, and is currently being addressed by the development of a system to ensure permanent, firm compression of the soft tissues.
Equally important in the evolution of fracture bracing was the confirmation that the strength of the callus which forms at the site of a fracture where movement occurs is greater than that seen after rigid immobilisation (Fig. 6) . [5] [6] [7] [8] 26, 27, 34 The local irritation of the soft tissues surrounding a fracture produces a vascular invasion which is ultimately responsible for the greater degree of osteogenesis (Fig.  7) . 4, 7, 26, 37 This invasion does not occur in the presence of rigid immobilisation. Studies 27, 29 have also suggested that when a diaphyseal fracture is treated by plate fixation, the medullary blood supply, which is seriously disrupted by injury, rapidly returns to normal.
Consequently, the explanation that cortical atrophy after plate immobilisation is the result of compromise to the blood supply becomes unsupportable because the medul- THE JOURNAL OF BONE AND JOINT SURGERY lary vessels nourish between 66% and 90% of the cortex of long bones. The remaining cortical bone is nourished by periosteal vessels. 4, [7] [8] [9] 37 In addition, there is strong evidence that the osteogenic capillaries arise primarily from the surrounding soft tissues and to a less extent, from the periosteal vessels. For reasons which are currently unclear, the endothelial and perithelial cells which form part of the invading capillaries, undergo metaplasia and become osteoblasts (Fig. 8) . 4, [7] [8] [9] It can therefore be concluded that the greater the number of capillaries at the site of a fracture the greater is the degree of osteogenesis.
It has also been observed that the osteoblasts which form in non-immobilised fractures show greater activity. 7, 8 The haematoma which forms at the site of a fracture after the initial injury, rather than being a helpful participant in the healing process, appears to delay it. 27 Histological examination of healing non-immobilised fractures, has shown resorption of the haematoma which is normally seen around bony fragments before enchondral ossification takes place and questions the popular belief that the haematoma plays an important role in healing. Because it was inevitable that treatment of diaphyseal fractures by func- tional braces might lead to some permanent angular deformities, studies were conducted to determine if these deformities had a harmful effect on the adjacent joints. The data obtained indicated that minor angular deformities in weight-bearing bones altered the distribution of pressure on the articular cartilage in the proximal and distal joints to a minimal extent. [38] [39] [40] [41] [42] [43] [44] The fact that some minimally displaced intra-articular fractures might be associated with diaphyseal fractures prompted studies to determine whether permanent degenerative arthritis was unavoidable. These investigations indicated that minor articular incongruity did not necessarily produce progressive arthritis. 45 By contrast, incongruity associated with instability of a joint was more likely to result in late degenerative change. 46 There will always be limitations to the use of bracing techniques in the management of fractures of long bones. Currently, bracing is primarily used in closed, axially unstable tibial fractures which show an acceptable degree of shortening, and have an angular deformity which can be manually corrected to within a few degrees of normal. Included in this group are transverse fractures which can be successfully reduced and rendered mechanically stable. 1, 2, 7, 11, 35, 47 Regaining length by traction and manipulation in axially unstable fractures which had originally demonstrated unacceptable shortening can lead to a loss of any length gained and a return to the initial shortening. Failure to recognise this has led some to discard functional bracing as a treatment option. Axially unstable fractures of the tibia which show initial, unacceptable shortening should not be treated by functional bracing, unless there are strong mitigating circumstances. Functional bracing of open fractures is limited, because most show unacceptable shortening, and the damage to the soft-tissue envelope prevents the effective role of the incompressible soft tissues around the site of the fracture.
Internal fixation of diaphyseal and metaphyseal fractures of long bones will remain the treatment of choice in many cases. Systems of intramedullary nailing and external fixation have progressed considerably in recent years. However, intramedullary nailing of diaphyseal tibial fractures may frequently be associated with chronic knee pain, which often fails to resolve after removal of the implant. 48 Although the plating of fractures now has fewer indications, it is still an option in the management of metaphyseal fractures and fractures of flat bones. Functional bracing continues to evolve in a way which makes future predictions difficult. However, the lessions learned over the past decades from the use of old and new methods of treatment, strongly suggest that a balanced approach to the management of fractures is essential. The recognition of the indications and contra-indications for each method of treatment must be clearly learned by those responsible for the care of the traumatised patient. In addition, the economic factors surrounding the care of fractures must also be seriously considered.
